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This report consists of data summaries of the results obtained during the May 1998 
measurement period at Barrow Alaska. This report does not contain any data interpretation or 
analysis of the results which will follow this activity. This report is forwarded with a data set on 
magnetic media which contains the reduced data from the LAPS lidar in 1 5 minute intervals. The 
data was obtained during the period 15-30 May 1998. The measurement period overlapped with 
several aircraft flights conducted by NASA as part of the FIRE project. 

The report contains a summary list of the data obtained plus figures that have been 
prepared to help visualize the measurement periods. The order of the presentation is as follows: 

Section 1. A copy of the Statement of Work for the planned activity of the second measurement 
period at the ARM Northslope site is provided. 

Section 2. A list of the data collection periods shows the number of one minute data records 
stored during each hour of operation and the corresponding size (Mbytes) of the one hour data 
folders. The folder and file names are composed from the year, month, day, hour and minute. 

The date/time information is given in UTC for easier comparison with other data sets. 

Section 3. A set of 4 comparisons between the LAPS lidar results and the sondes released by the 
ARM scientists from a location nearby the lidar. The lidar results show the ± 1 o statistical error 
on each of the independent 75 m altitude bins of the data. This set of 4 comparisons was used to 
set and validate the calibration value which was then used for the complete data set. 

Section 4. A set of false color figures with up to 10 hours of specific humidity measurements are 
shown in each graph. Two days of measurements are shown on each page. These plots are crude 
representations of the data and permit a survey which indicates when the clouds were very low or 
where interesting events may occur in the results. These plots are prepared using the real time 
sequence plot program which has no smoothing in either the altitude or time (except that you are 
allowed to pick the integration time and time step. All of these plots were prepared with 15 
minute integration and 5 minute time step. 

Section 5. A set of time sequence data for all of the extended observation periods are shown with 
a smoothing algorithm from the Matlab plotting library. Most of these data are integrated for 5 
minutes and stepped at 1 minute intervals but several plots are shown with both 15 minute 
integration and 5 minute steps. The upper level on these data was selected and converted to the 
white background where the error in the specific humidity reached 25%. 

Section 6. The set of one hour integrated plots shown with up to 4 hours per page are provided 
from the real time analysis snapshot program. The only difference in these plots and the real time 
display is that the plots are stopped at an altitude where the error appears to be too large for the 
data to contain any meaningful information. 

It is unfortunate that low clouds were present so much of the time, however there are some very 
good and interesting results. The lidar was on and results were obtained during all aircraft flights 
between 15 and 30 May as far as we know. An analysis and comparison will be undertaken as 



soon as the satisfactory analysis of the measurements is completed. There are so many concerns 
and items that needed checking in the analysis that the preparation of the data summary has taken 
this long. 

One of the most striking features in the data is the period after the clouds disappeared on 
27 May 1998. The oscillation observed in the moisture profile shown in the figure following this 
page is real in the data, not an artifact of the processing (in the plots of Section 5, the same 
feature is observed and the 5 minute integration and 1 5 minute integration plots can be 
compared). 



Time sequence of water vapor profiles measured at the ARM Northslope site at Barrow Alaska in 
May 1998 using the ARL/PSU LAPS lidar instrument. The example shows 1 1 continuous hours 
of measurements which begin just before a break in the clouds (at 1 .4 km) that occurred near 
1300 GMT on 27 May 1998. Note the dissipation of the water vapor from the moist layer as time 
increases and the wave dynamics in the moist layers. Also notice the decent of moist plumes near 
1830 and 1900 GMT. 
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LAPS Lidar Measurements at the ARM Alaska Northslope Site (Add-On) 


Statement of Work 

Summary: This document requests funding to support an extension of measurements of the 
ARL/PSU LAPS instrument at Barrow Alaska (Contract No. 327421-A-N4, Task Order No. 
354019-A95). The LAPS lidar instrument was transported to the ARM-Northslope site in 
February 1998 and used to demonstrate the ability of lidar to provide the required measurements 
on the environment under northern winter conditions. The long range goal is to prepare an 
updated version of the LAPS instrument for the DoE ARM program and locate the instrument at 
this site. The February/March measurement period was chosen to provide a special data set on 
the arctic environment and to demonstrate that lidar can provide useful measurements in the arctic 
winter conditions. After this winter measurement demonstration was planned, NASA Langley 
became interested in retaining our measurement capability at Point Barrow during their FIRE 
project in the May/June 1998. A proposal for a four week operation in support of FIRE was 
prepared and submitted to NASA on 23 February 1998 ($77,151). This activity was encouraged 
by our sponsors in the DoE ARM project as a chance to obtain more measurements from the site. 
Contacts between the program offices of NASA and DoE resulted in a plan between the agencies 
to support the FERE aircraft measurements. The NASA Langley office was not able to support 
the $77K for the four week data collection project which assumed that DoE would provide the 
apartment and operations support at the ARM site. However, NASA was able to provide $10K 
of token support. This document requests the additional support from DoE to be able to carry 
out a two week measurement during the period of the FIRE project. 

Brief Background: Lidar techniques provide the best capability available today to measure the 
meteorological properties, profiles of some of the important chemical species, optical propagation 
conditions, radar refractivity and ducting conditions, environmental pollution, and radiative 
transport processes. The lidar has the ability to provide the profiles of many atmospheric 
properties in real time and provide these measurements with much higher spatial and temporal 
resolution than can be achieved with any other approach. 

The Atmospheric Radiation Measurements (ARM) Program is the primary program of the 
Department of Energy that has been given the responsibility for developing the major thrust into 
understanding the global scale environmental change issues associated with the national policies 
on use of fuels to supply energy for industrial and individual use. To gain the global perspective 
required, measurement sites have been established at Norman OK, on a Pacific Ocean Island, and 
at Barrow Alaska. The central US site in Oklahoma, referred to as the CART site, has been in 
existence for several years and the other two sites are still in their development stage. These sites 
will be used to gather data over a period of five or more years to provide the basic measurements 
which will be used to formulate our national policy on fuel use. 

The LAPS instrument was shipped to the ARM Site at Point Barrow Alaska on 18 February 
1998. The instrument was installed in two shelters which were prepared on site to protect the 
instrument from severe weather conditions. The LAPS has been designed for weather sealed 



outdoor operation at temperate latitudes but could not be expected to maintain its own thermally 
stabilized environment in the sub-zero temperatures of winter in North Alaska. Initially, the 
instrument laser transmitter did not work in the Alaska environment. The lidar was completely 
checked out and was, of course, working fine at PSU prior to shipment. A circuit in the 
Continuum laser Model 9030 failed sometime prior to setup testing in Alaska. Care was given to 
prevent cold soaking of the optical equipment during the transit and during the few days of 
storage at the Alaska site. We do not believe the component failure was cold related. 
Unfortunately, several shipments of replacement parts to Alaska by the laser company did not 
result in fixing the laser. Even though we have a top laser engineer on our staff (Mr. Tom 
Petach), it was necessary to arrange for a service engineer to fly from California to Alaska. 

Finally the problem was identified as being due to a production design change which had occurred 
since our purchase of the first unit. We had purchased the first unit commercially sold and we 
have helped the company with several design improvements in the optical and mechanical 
systems. We were aware that our unit was an early one but we did not know about the 
production design change. Approximately three weeks of the planned four week data collection 
were lost due to the time required repair the laser. In addition, we also lost about two days for 
the preparation of a second shelter for the instrument console. The second shelter was required to 
meet the local fire code which did not permit us to run the electrical cables to the instrument shed 
from inside the apartment. A separate power drop had to be installed and the consol was located 
in an outside shelter next to the instrument. 

Despite these problems, we were able to collect 8 days of good data. Collection of these data 
achieved the goal of establishing the ability to obtain lidar data during conditions when arctic 
temperatures reached -20F. Measurements of water vapor, temperature, ozone and optical 
extinction were obtained. 

Planned Measurements: The measurement extension is planned to take place in conjunction 
with the period of time when the NASA Langley ER-2 is flying over the area as part of the FIRE 
Program. The flights of the ER-2 are expected to take place between 15 May and 7 June. The 
plan is to prepare, calibrate and align, the LAPS lidar by 15 May and take data during each of the 
flight opportunities for 2 weeks, 15 May to 30 May. The operations crew will travel to Alaska on 
1 1 May (arriving late on 12 May). They will prepare the instrument during the 13th and 14th to 
be ready for data collection on 15 May in conjunction with the NASA ER-2 and C-130 
instrumented aircraft flights. The instrument will be packed for the return shipment on 1-3 June 
and the field crew will complete their work and return to State College on 4 June. 

Deliverables: Under this effort ARL would deliver a copy of the data collected during the period 
15 May through 30 May. The actual data collected will depend upon the joint operations of the 
ARL/PSU LAPS instrument and the NASA ER-2 aircraft. 



Data Log for measurements at ARM- Alaska site in May 1998. 


The plane flew over the site on May 27,28,30 and 31. 
All date/time values are in GMT. 


980515 


98051509 

13,15 

98051519 

15-44 

98051520 

37-59 

98051521 

00-09, 39-43, 54-59 

98051522 

00-27, 37-59 

98051523 

00-06 

980516 


98051600 

00-23 

98051602 

31-59 

98051603 

00-30 

98051621 

19-59 

98051622 

00-18, 34-59 

98051623 

00-33 

980517 


98051707 

30-59 

98051708 

00-29 

98051717 

38-59 

98051718 

00-59 

98051719 

00-59 

98051720 

00-59 

98051721 

00-59 

98051722 

00-59 

98051723 

00-46,54-59 

980518 


98051800 

00-59 

98051801 

00-59 

98051802 

00-59 

98051803 

00-59 

98051804 

00-59 

98051805 

00-59 

98051806 

00-59 

98051807 

00-55 

98051818 

56-59 

98051819 

00-25 

98051822 

15-44 


2 file(s) 

39,138 

bytes 

3 1 file(s) 

606,639 

bytes 

22 file(s) 

430,518 

bytes 

20 file(s) 

332,980 

bytes 

51 file(s) 

700,179 

bytes 

7 file(s) 

96,103 

bytes 

24 file(s) 

329,496 

bytes 

29 file(s) 

398,141 

bytes 

31 file(s) 

425,599 

bytes 

41 file(s) 

562,889 

bytes 

45 file(s) 

617,805 

bytes 

34 file(s) 

466,786 

bytes 

30 file(s) 

411,870 

bytes 

30 file(s) 

411,870 

bytes 

22 file(s) 

302,038 

bytes 

59 file(s) 

810,011 

bytes 

60 file(s) 

823,740 

bytes 

60 file(s) 

823,740 

bytes 

59 file(s) 

810,011 

bytes 

60 file(s) 

823,740 

bytes 

55 file(s) 

755,095 

bytes 

60 file(s) 

823,740 

bytes 

60 file(s) 

823,740 

bytes 

60 file(s) 

823,740 

bytes 

60 file(s) 

823,740 

bytes 

59 file(s) 

810,011 

bytes 

60 file(s) 

823,740 

bytes 

60 file(s) 

823,740 

bytes 

56 file(s) 

768,824 

bytes 

4 file(s) 

54,916 

bytes 

26 file(s) 

356,954 

bytes 

30 file(s) 

411,870 

bytes 



980519 

98051915 

19-59 

41 file(s) 

562,889 bytes 

98051916 

00-59 

60 file(s) 

823,740 bytes 

98051917 

00-59 

59 file(s) 

810,011 bytes 

98051918 

00-59 

60 file(s) 

823,740 bytes 

98051919 

00-59 

60 file(s) 

823,740 bytes 

98051920 

00-19 

20 file(s) 

274,580 bytes 

98051922 

06-59 

54 file(s) 

741,366 bytes 

98051923 

00-59 

60 file(s) 

823,740 bytes 

980520 

98052000 

00-59 

60 file(s) 

823,740 bytes 

98052001 

00-59 

60 file(s) 

823,740 bytes 

98052002 

00-59 

60 file(s) 

823,740 bytes 

98052003 

00-59 

60 file(s) 

823,740 bytes 

98052004 

00-59 

60 file(s) 

823,740 bytes 

98052005 

00-59 

59 file(s) 

810,011 bytes 

98052006 

00-06 

7 file(s) 

96,103 bytes 

98052016 

28-59 

32 file(s) 

439,328 bytes 

98052017 

00-59 

59 file(s) 

810,011 bytes 

98052018 

00-59 

60 file(s) 

823,740 bytes 

98052019 

00-59 

60 file(s) 

823,740 bytes 

98052020 

00-59 

60 file(s) 

823,740 bytes 

98052021 

00-59 

60 file(s) 

823,740 bytes 

98052022 

00-59 

60 file(s) 

823,740 bytes 

98052023 

00-59 

59 file(s) 

810,011 bytes 

980521 

98052100 

00-29 

30 file(s) 

41 1,870 bytes 

98052106 

07-59 

53 file(s) 

727,637 bytes 

98052107 

00-59 

60 file(s) 

823,740 bytes 

98052108 

00-59 

60 file(s) 

823,740 bytes 

98052109 

00-59 

60 file(s) 

823,740 bytes 

98052110 

00-59 

60 file(s) 

823,740 bytes 

98052111 

00-59 

60 file(s) 

823,740 bytes 

98052112 

00-59 

60 file(s) 

823,740 bytes 

98052113 

00-59 

59 file(s) 

810,011 bytes 

98052114 

00-07 

8 file(s) 

109,832 bytes 

98052116 

55-59 

5 file(s) 

68,645 bytes 

98052117 

00-59 

60 file(s) 

823,740 bytes 

98052118 

00-59 

60 file(s) 

823,740 bytes 

98052119 

00-59 

60 file(s) 

823,740 bytes 

98052120 

00-59 

60 file(s) 

823,740 bytes 

98052121 

00-59 

60 file(s) 

823,740 bytes 

98052122 

00-59 

60 file(s) 

823,740 bytes 



98052123 

00-59 

980522 

98052200 

00-55 

98052211 

11-59 

98052212 

00-59 

98052213 

00-59 

98052214 

00-59 

98052215 

00-59 

98052216 

00-59 

98052217 

00-59 

98052218 

00-59 

98052219 

00-11 

98052223 

56-59 

980523 

98052300 

00-59 

98052301 

00-59 

98052302 

00-59 

98052303 

00-59 

98052304 

00-59 

98052305 

00-59 

98052306 

00-59 

98052307 

00-56 

98052315 

46-49 

98052316 

24-33 

98052317 

22-31,52-59 

98052318 

00-59 

98052319 

00-59 

98052320 

00-59 

98052321 

00-59 

98052322 

00-59 

98052323 

00-59 

980524 

98052400 

00-32 

98052413 

19-59 

98052414 

00-59 

98052415 

00-59 

98052416 

00-59 

98052417 

00-59 

98052418 

00-59 

98052419 

00-59 

98052420 

00-59 

98052421 

00-59 


60 file(s) 823,740 bytes 


55 file(s) 755,095 bytes 

49 file(s) 672,721 bytes 

60 file(s) 823,740 bytes 

59 file(s) 810,011 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

12 file(s) 164,748 bytes 

4 file(s) 54,916 bytes 


60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

59 file(s) 810,011 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

57 file(s) 782,553 bytes 

4 file(s) 54,916 bytes 
10 file(s) 137,290 bytes 

18 file(s) 247,122 bytes 

59 file(s) 8 10,01 1 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 


33 file(s) 453,057 bytes 

41 file(s) 562,889 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

59 file(s) 8 1 0,0 1 1 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 

60 file(s) 823,740 bytes 



98052422 

00-59 

60 file(s) 

823,740 bytes 

98052423 

00-59 

60 file(s) 

823,740 bytes 

980525 

98052500 

00-59 

59 file(s) 

810,01 1 bytes 

98052501 

00-59 

60 file(s) 

823,740 bytes 

98052502 

00-59 

60 file(s) 

823,740 bytes 

98052503 

00-59 

60 file(s) 

823,740 bytes 

98052504 

00-59 

60 file(s) 

823,740 bytes 

98052505 

00-20 

21 file(s) 

288,309 bytes 

98052512 

21-53 

33 file(s) 

453,057 bytes 

98052519 

01-59 

58 file(s) 

796,282 bytes 

98052520 

00-07, 17-46 

38 file(s) 

521,702 bytes 

98052521 

30-59 

30 file(s) 

41 1,870 bytes 

98052522 

00-29, 39-59 

51 file(s) 

700,179 bytes 

98052523 

00-02, 36-59 

27 file(s) 

370,683 bytes 

980526 

98052600 

00-59 

60 file(s) 

823,740 bytes 

98052601 

00-59 

60 file(s) 

823,740 bytes 

98052602 

00-59 

60 file(s) 

823,740 bytes 

98052603 

00-59 

60 file(s) 

823,740 bytes 

98052604 

00-59 

59 file(s) 

810,011 bytes 

98052605 

00-59 

60 file(s) 

823,740 bytes 

98052606 

00-59 

60 file(s) 

823,740 bytes 

98052607 

00-59 

61 file(s) 

837,469 bytes 

98052608 

00-59 

60 file(s) 

823,740 bytes 

98052609 

00-59 

60 file(s) 

823,740 bytes 

98052610 

00-59 

59 file(s) 

810,011 bytes 

9805261 1 

00-30, 39-59 

52 file(s) 

713,908 bytes 

98052612 

00-08, 18-59 

51 file(s) 

700,179 bytes 

98052613 

00-59 

60 file(s) 

823,740 bytes 

98052614 

00-59 

59 file(s) 

810,011 bytes 

98052615 

00-59 

60 file(s) 

823,740 bytes 

98052616 

02-59 

57 file(s) 

782,553 bytes 

98052617 

00-02 

3 file(s) 

41,187 bytes 

98052618 

48-59 

12 file(s) 

164,748 bytes 

98052619 

00-59 

60 file(s) 

823,740 bytes 

98052620 

00-08 

9 file(s) 

123,561 bytes 

980527 

98052711 

07-59 

53 file(s) 

727,637 bytes 

98052712 

00-59 

60 file(s) 

823,740 bytes 

98052713 

00-59 

59 file(s) 

810,011 bytes 

98052714 

00-59 

60 file(s) 

823,740 bytes 



98052715 

00-59 

60 file(s) 

823,740 bytes 

98052716 

00-59 

60 file(s) 

823,740 bytes 

98052717 

00-59 

60 file(s) 

823,740 bytes 

98052718 

00-59 

60 file(s) 

823,740 bytes 

98052719 

00-59 

60 file(s) 

823,740 bytes 

98052720 

00-59 

60 file(s) 

823,740 bytes 

98052721 

00-59 

59 file(s) 

810,011 bytes 

98052722 

00-59 

60 file(s) 

823,740 bytes 

98052723 

00-59 

60 file(s) 

823,740 bytes 

980528 

98052800 

00-59 

60 file(s) 

823,740 bytes 

98052801 

00-59 

60 file(s) 

823,740 bytes 

98052802 

00-59 

60 file(s) 

823,740 bytes 

98052803 

00-08 

9 file(s) 

123,561 bytes 

98052815 

16-59 

44 file(s) 

604,076 bytes 

98052816 

00-59 

59 file(s) 

810,011 bytes 

98052817 

00-59 

60 file(s) 

823,740 bytes 

98052818 

00-59 

60 file(s) 

823,740 bytes 

98052819 

00-59 

60 file(s) 

823,740 bytes 

98052820 

00-59 

60 file(s) 

823,740 bytes 

98052821 

00-59 

60 file(s) 

823,740 bytes 

98052822 

00-59 

60 file(s) 

823,740 bytes 

98052823 

00-59 

60 file(s) 

823,740 bytes 

980529 

98052900 

00-59 

60 file(s) 

823,740 bytes 

98052901 

00-59 

59 file(s) 

810,011 bytes 

98052902 

00-59 

60 file(s) 

823,740 bytes 

98052903 

00-59 

60 file(s) 

823,740 bytes 

98052904 

00-59 

60 file(s) 

823,740 bytes 

98052905 

00-59 

60 file(s) 

823,740 bytes 

98052906 

00-59 

59 file(s) 

810,011 bytes 

98052907 

00-59 

60 file(s) 

823,740 bytes 

98052908 

00-59 

60 file(s) 

823,740 bytes 

98052909 

00-59 

60 file(s) 

823,740 bytes 

98052910 

00-59 

60 file(s) 

823,740 bytes 

98052911 

00-59 

60 file(s) 

823,740 bytes 

98052912 

00-59 

60 file(s) 

823,740 bytes 

98052913 

00-59 

60 file(s) 

823,740 bytes 

98052914 

00-59 

60 file(s) 

823,740 bytes 

98052915 

00-59 

59 file(s) 

810,011 bytes 

98052916 

00-59 

60 file(s) 

823,740 bytes 

98052917 

00-59 

60 file(s) 

823,740 bytes 

98052918 

00-59 

60 file(s) 

823,740 bytes 



98052919 

00-19 

20 file(s) 

274,580 bytes 

98052923 

38-59 

22 file(s) 

302,038 bytes 

980530 

98053000 

00-59 

60 file(s) 

823,740 bytes 

98053001 

00-59 

60 file(s) 

823,740 bytes 

98053002 

00-59 

60 file(s) 

823,740 bytes 

98053003 

00-59 

59 file(s) 

810,011 bytes 

98053004 

00-59 

60 file(s) 

823,740 bytes 

98053005 

00-59 

60 file(s) 

823,740 bytes 

98053006 

00-59 

60 file(s) 

823,740 bytes 

98053007 

00-59 

60 file(s) 

823,740 bytes 

98053008 

00-59 

60 file(s) 

823,740 bytes 

98053009 

00-59 

60 file(s) 

823,740 bytes 

98053010 

00-59 

59 file(s) 

810,011 bytes 

98053011 

00-59 

60 file(s) 

823,740 bytes 

98053012 

00-59 

60 file(s) 

823,740 bytes 

98053013 

00-59 

60 file(s) 

823,740 bytes 

98053014 

00-59 

60 file(s) 

823,740 bytes 

98053015 

00-59 

60 file(s) 

823,740 bytes 

98053016 

00-59 

60 file(s) 

823,740 bytes 

98053017 

00-59 

60 file(s) 

823,740 bytes 

98053018 

00-59 

59 file(s) 

810,011 bytes 

98053019 

00-59 

60 file(s) 

823,740 bytes 

98053020 

00-59 

60 file(s) 

823,740 bytes 

98053021 

00-59 

60 file(s) 

823,740 bytes 

98053022 

00-59 

60 file(s) 

823,740 bytes 

98053023 

00-40 

41 file(s) 

562,889 bytes 


Total files listed: 

18,410 file(s) 1,217 dir(s) 294,788,952 bytes (March and May 1998). 











Water Vapor Mixing Ratio Water Vapor Mixing Ratio 

05 / 16/98 05 / 16/98 
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Water Vapor Mixing Ratio Water Vapor Mixing Ratio 

05 / 29/98 05 / 29/98 







Altitude (km) Altitude (km) 


Water Vapor Mixing Ratio(UV) - 05/17/98 18:00 - 21:00 UTC 



20 40 60 80 100 120 140 160 


Time (minutes) 



2 3 4 5 6 7 8 9 10 11 12 


Water Vapor Mixing Ratio (g/kg) 


Water Vapor Mixing Ratio(UV) - 05/18/98 00:00 - 07:00 UTC 



50 100 150 200 250 300 350 400 

Time (minutes) 



0 5 10 15 

Water Vapor Mixing Ratio (g/kg) 
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Water Vapor Mixing Ratio (g/kg) 


Water Vapor Mixing Ratio(UV) - 05/21/98 06:10 - 14:00 UTC 
























Altitude (km) Altitude (km) 











Altitud* 



















Altitude (km) Altitude (km) 


Water Vapor Mixing Ratio(UV) - 05/27 - 05/28/98 11:15 - 03:05 UTC 


2500 h 



100 200 300 400 500 600 700 800 900 

Time (minutes) 



Water Vapor Mixing Ratio (g/kg) 


Water Vapor Mixing Ratio(UV) - 05/28 - 05/29/98 15:20 - 19:10 UTC 



Water Vapor Mixing Ratio (g/kg) 






Altitude (km) 


3000 


Water Vapor Mixing Ratio(UV) - 05/29 - 05/30/98 23:38 - 23:38 UTC 


2500 h 



Time (minutes) 



Water Vapor Mixing Ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/17/98 18:00 - 19:00 ( 60 minutes) 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/17/98 20:00 - 20:59 ( 60 minutes) 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 



Altitude |m) AlUtude (m) 


Water Vapor Mixing Ratio 
05/18/98 00:00 - 00:59 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/18/98 01:00 - 01:59 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/18/98 02:00 - 02:59 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 
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Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 




Altitude |m) Altitude (m) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/18/98 06:01 - 07:00 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


o 


1.5 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/19/98 15:19 - 16:18 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



0 123456789 10 


Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/19/98 18:20 - 19:19 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/19/98 19:20 - 20:19 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/20/98 00:06 - 01:05 { 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/20/98 02:06 - 03:05 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/20/98 03:06 - 04:05 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/20/98 04:06 - 05:05 ( 60 minute*} 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/20/98 05:06 - 06:06 ( 60 minutes} 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/20/98 16:28 - 17:28 ( 60 minutes} 



01234567S9 10 


Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/20/98 17:29 - 18:28 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 

05/20/98 18:29 - 19:28 { 60 minute*) 

2500, — 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/20/98 20:29 • 21:28 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/20/98 21:29 - 22:28 ( 60 minutes) 



Water vapor mhdng ratio (g/kg) 




Water Vapor Mixing Ratio 



0123456789 10 

Water vapor mixing ratio (g/lcg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/21/98 06:07 - 07:06 ( 60 minute*} 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/21/98 07:07 - 08:06 ( 60 minute*} 



Water Vapor Mixing Ratio 
05/21/98 08:07 - 09:06 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/21/98 09:07 - 10:06 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
OS/21/98 10:07 - 11:06 ( 60 minute*) 



Water Vapor Mixing Ratio 
05/21/98 11:07 * 12:06 ( 60 minute*) 



Water Vapor Mixing Ratio 
05/21/98 12:07 - 13:06 ( 60 minute*) 



Water Vapor Mixing Ratio 
05/21/98 13:07 - 14:07 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



0 0 5 1 1.5 2 2 5 3 3.5 4 4 5 5 

Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/21/98 18:55 • 19:54 < 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/21/98 19:55 - 20:54 ( 60 minutes) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/21/98 23:55 - 00:55 ( 60 minutes) 

2500 ___ , 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
06/22/98 14:12 - 15:11 ( 60 minutes) 



1.3 3 4.3 6 7.3 9 10 5 12 13 5 

Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/22/98 15:12 - 16:11 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/22/98 17:12 - 18:11 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/22/98 18:12 - 19:11 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Altitude (m) 


Water Vapor Mixing Ratio 
05/22/98 23:56 - 00:55 I 60 minutes) 



0 t .5 3 4.3 6 7.5 9 10.5 12 13 5 13 

Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



V 

3 


Water Vapor Mixing Ratio 

05/23/98 01:56 - 02:55 ( 60 minute*) 

2500 , : 


i av 



0 1,5 3 4.5 6 7 5 9 10,5 12 13 5 15 

Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 

05/23/98 02:56 • 03:56 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/23/98 03:57 - 04:56 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/23/98 04:57 - 05:56 { 60 minute*) 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/23/98 06:57 - 07:56 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/23/98 18:00 - 19:00 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/23/98 21:01 - 22:00 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/24/98 14:19 ■ 15:18 { 60 minute*) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/24/98 17:20 - 18:19 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 
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Water Vapor Mixing Ratio 
05/24/98 18:20 - 19:19 ( 60 minutes) 



0 1.5 3 4.5 6 7.5 9 10.5 12 13 5 15 

Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/24/98 19:20 • 20:19 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
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Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/24/98 21:20 - 22:19 ( 60 minute*) 



Water vapor mixing ratio (g/kg) 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/24/98 22:20 - 23:19 ( 60 minutes) 



Water Vapor Mixing Ratio 

05/24/98 23:20 - 00:19 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/25/98 00:20 - 01:20 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/25/98 01:21 - 02:20 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/25/98 02:21 - 03:20 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Attitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/26/98 00:00 - 00:59 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/26/98 03:00 - 03:59 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/ kg) 


Water Vapor Mixing Ratio 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 

05/26/98 10:00 - 11:00 { 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/36/98 15:01 - 16:03 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 




Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 





Altitude (m) Altitude (m) 



Water vapor mixing ratio (g/kg) 


Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/27/98 13:07 - 14:07 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/27/98 14:08 - 15:07 < 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/27/98 19:08 - 20:07 ( 60 minute*) 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/27/98 21:08 - 22:08 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/27/98 22:09 - 23:08 | 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



0 1 2 3 4 5 6 7 8 9 10 

Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/28/98 20:01 - 21:00 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/28/98 23:01 - 00:00 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/29/98 00:01 - 01:00 ( 60 minutes) 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/29/98 02:02 - 03:01 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/29/98 03:02 • 04:01 ( 60 minutes) 






Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g / kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/29/98 08:03 - 09:02 ( 60 minutes) 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/29/98 10:03 - 11:02 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/29/98 11:03 - 12:02 ( 60 minutes) 
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Water vapor mixing ratio (g/kg) 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio Water Vapor Mixing Ratio 




Water Vapor Mixing Ratio 
05/29/98 14:03 * 15:02 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/29/98 15:00 - 16:00 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/29/98 16:01 - 17:00 ( 60 minutes) 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 

05/29/98 18:01 - 19:00 ( 60 minutes) 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/30/98 00:00 - 00:59 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ra tio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio Water Vapor Mixing Ratio 




Water Vapor Mixing Ratio 
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Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio Water Vapor Mixing Ratio 




Water Vapor Mixing Ratio 

05/30/98 10:01 - 11:01 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 

05/30/98 11:02 - 12:01 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 




Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 
05/30/98 12:02 - 13:01 { 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/30/98 13:02 - 14:01 ( 60 minutes) 



Water Vapor Mixing Ratio 
05/30/98 14:02 - 15:01 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 





Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water vapor mixing ratio (g/kg) 


Water Vapor Mixing Ratio 
05/30/98 19:03 - 20:02 ( 60 minutes) 



Water vapor mixing ratio (g/kg) 



Altitude (m) Altitude (m) 


Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 



Water Vapor Mixing Ratio 
05/30/98 31:41 - 22:40 ( 60 miuutee) 



Water vapor mixing ratio (g/kg) 



